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57] ABSTRACT

A memory cell incorporating a chalcogenide element and a
method of making same 1s disclosed. In the method, a doped
silicon substrate 1s provided with two or more polysilicon
plugs to form an array of diode memory cells. A layer of
silicon nitride 1s disposed over the plugs. Using a poly-
spacer process, small pores are formed 1n the silicon nitride
to expose a portion of the polysilicon plugs. A chalcogenide
material 1s disposed in the pores by depositing a layer of
chalcogenide material on the silicon nitride layer and pla-
narizing the chalcogenide layer to the silicon nitride layer
using CMP. A layer of TiN 1s next deposited over the plugs,
followed by a metallization layer. The TiN and metallization
layers are then masked and etched to define memory cell
areas.

19 Claims, 12 Drawing Sheets
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1

MEMORY CELL INCORPORATING A
CHALCOGENIDE ELEMENT AND METHOD
OF MAKING SAME

BACKGROUND OF THE INVENTION

1. Field of Invention

This invention relates generally to semiconductor circuit
devices and methods for making such devices. More
particularly, this invention relates to semiconductor memory
cells that incorporate a chalcogenide element and to methods
for making chalcogenide memory cells.

2. Description of the Related Art

A diode array 1s a well known memory system used 1n
semiconductor memory devices. The individual diodes 1n a
ogrven array are typically addressed via digit and word lines.
In previous diode array memory systems, the individual
memory cells were limited to just two memory or logic
states: high or low. However, the number of possible logic
states for a given memory cell may be increased by con-
necting a programmable resistor 1n series with the selected
diode. By selectively altering the resistance of the program-
mable resistor, the diode may be changed to different logic
states that correspond to the changed resistance levels. The
number of permissible logic states in such systems 1s limited
ogenerally only by the number of different resistance levels
that may be reliably set 1n the programmable resistor.

One possibility for such a programmable resistor 1s a
chalcogenide element. By applying an external stimulus to
the chalcogenide element, the internal structure of the chal-
cogenide material may be modified. The structural modifi-
cation results 1n a new resistance level for the chalcogenide
material. The chalcogenide material 1s ovonic in that the
observable structural/resistance change exhibited 1s a varia-
tion of the Ovshinsky Effect, and 1s a function of the current

which 1s applied to the chalcogenide element through the
diode.

In the formation of a typical chalcogenide element, a layer
of nitride, such as silicon nitride, 1s disposed over a lower
electrode of carbon or TiS1,.. A small pore 1s formed 1n the
nitride layer, exposing a small area of the lower electrode. A
layer of chalcogenide material 1s deposited on the nitride
layer, filling the pore. A layer of carbon 1s deposited over the
chalcogenide layer to form an upper electrode. A TiN layer
1s disposed over the upper electrode. The chalcogenide layer,
upper carbon layer, and TiN layer form a stack that 1s
masked and etched to remove the stack constituents, except
in the vicinity of the pore. A passivation layer 1s placed over
the stack and etched to form a contact hole leading to the TiN
layer. Finally, a metallization step 1s performed.

Present techniques for forming the chalcogenide element
in a diode array usually involve four separate masking steps:
small pore formation, chalcogenide element stack
formation, contact layer, and metallization.

There are several disadvantages associated with the
present technique for incorporating a chalcogenide element.
To begin with, there 1s an 1nherent tendency for the chalco-
ogenide stack to dislodge from the nitride layer, causing
clectrical failure. This lifting problem 1s due to the rather
poor adherence to silicon nitride exhibited by many chal-
cogenide materials. Second, there are certain difficulties
assoclated with the stack etch step. Due to their physical and
chemical nature, the etching of many chalcogenide materials
1s presently a process that 1s difficult to control. Finally, the
sheer number of masking steps required make the process
relatively uneconomical.
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The present mvention 1s directed to overcoming, or at
least reducing the effects of, one or more of the foregoing
disadvantages.

SUMMARY OF THE INVENTION

In accordance with one aspect of the present invention, a
method of forming a forming a chalcogenide element 1n a
memory cell 1s provided. The method includes the steps of
forming a conducting element 1n a semiconductor substrate
and forming a first msulating layer on the semiconductor
substrate overlying the conducting element. A pore 1is
formed in the first insulating layer that extends to the
conducting element. A layer of chalcogenide material 1is
formed 1n the pore, and a first conducting layer 1s formed in
contact with the chalcogenide material.

In accordance with another aspect of the present
invention, a method of forming a chalcogenide element 1n a
memory cell 1s provided. The method includes the steps of
providing a conducting element 1n a semiconductor substrate
and forming a first msulating layer on the semiconductor
substrate overlying the conducting element. A pore 1is
formed 1n the first insulating layer that extends to the
conducting element. A layer of chalcogenide material 1is
formed on the first insulating layer such that a portion of the
layer of chalcogenide 1s disposed 1n the pore and contacts the
conducting element. The portion of the layer of chalco-
cgenide material that 1s disposed on the first insulating layer
1s selectively removed by chemical mechanical planariza-
tion (CMP). A first conducting layer 1s formed in contact
with the chalcogenide material, and a second conducting
layer 1s formed on the first conducting layer.

In accordance with yet another aspect of the present
invention, a method of forming a chalcogenide element 1n a
memory cell 1s provided. The method includes the steps of
providing a semiconductor substrate and providing a con-
ducting element 1n the semiconductor substrate. A recess 1s
formed 1n the conducting element. A first insulating layer 1s
formed 1n the recess. A pore 1s formed 1n the first insulating
layer that extends to the conducting element. A layer of
chalcogenide material 1s formed i1n the pore, and a first
conducting layer 1s formed 1n contact with the chalcogenide
material.

In accordance with still another aspect of the present
invention, a memory cell 1s provided. The memory cell
includes a semiconductor substrate that has a conducting
clement disposed therein, and a chalcogenide element. The
chalcogenide element 1s provided by forming a first 1nsu-
lating layer on the semiconductor substrate. A pore 1s formed
in the first insulating layer that extends to the conducting
clement. A layer of chalcogenide material 1s formed 1n the
pore, and a first conducting layer 1s formed 1n contact with
the chalcogenide material.

BRIEF DESCRIPTION OF THE DRAWINGS

Other objects and advantages of the invention will
become apparent upon reading the following detailed
description and upon reference to the drawings 1n which:

FIG. 1 depicts the 1nitial stages of a standard process flow
for forming a chalcogenide element 1n a diode array, 1llus-
trated 1n a cross-sectional view.

FIG. 2 depicts the cross-section of FIG. 1 after further
processing steps.

FIG. 3 depicts the cross-section of FIG. 2 after further
processing steps.

FIG. 4 depicts the cross-section of FIG. 3 after further
processing steps.
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FIG. § depicts the cross-section of FIG. 4 after further
processing steps.

FIG. 6 depicts the cross-section of FIG. 5 after further
processing steps.

FIG. 7A depicts the 1nitial stages of a process flow for
forming a chalcogenide element in a diode array, i1llustrated
In a cross-sectional view.

FIG. 7B depicts the cross-section of FIG. 7A, though with
an alternative process flow for forming polysilicon plugs
that includes doping the plugs with both p+ and n- dopants.

FIG. 7C depicts the cross-section of FIG. 7A, though with
an alternative process flow for forming polysilicon plugs
that utilizes a TiN layer deposited on the plugs.

FIG. 7D depicts the cross-section of FIG. 7A, though with
an alternative process flow for forming polysilicon plugs
that utilizes an oxide layer grown over the plugs.

FIG. 8 depicts the cross-section of FIG. 7A after further
processing steps.

FIG. 9 depicts the 1nitial stages of a poly-spacer process
for formation of small pores above the polysilicon plugs,
illustrated 1n cross-sectional views.

FIG. 10 depicts the cross-section of FIG. 9 after further
processing steps.

FIG. 11 depicts the cross-section of FIG. 10 after further
processing steps.

FIG. 12 depicts the cross-section of FIG. 11 after further
processing steps.

FIG. 13 depicts the cross-section of FIG. 12 after further
processing steps.

FIG. 14 depicts the cross-section of FIG. 13 after further
processing steps.

FIG. 15 depicts the cross-section of FIG. 8 after further
processing steps.

FIG. 16 depicts the cross-section of FIG. 15 after further
processing steps.

FIG. 17 depicts the cross-section of FIG. 16 after further
processing steps.

FIG. 18 shows an alternative process for disposing the
chalcogenide element 1n pores that are recessed below the
level of the silicon dioxide layer.

FIG. 19 shows another alternative process for disposing,
the chalcogenide element in pores that are recessed below
the level of the silicon dioxide layer.

DETAILED DESCRIPTION OF SPECIFIC
EMBODIMENTS

Conventional Process

The embodiments are best described by first considering,
a common process currently practiced in a CMOS context to
form a chalcogenide element. FIGS. 1-6 1llustrate cross-
sectional views of that existing process. FIG. 1 depicts a
substrate § prior to the formation of the chalcogenide
clement. As a result of a number of preliminary processing
steps, the substrate § includes n- doped regions 7 m the
active area of the substrate 5, along with an optional layer of
fitantum silicide 8, that together function as a buried digit
line 10. A relatively thick layer of silicon dioxide 15 overlies
the buried digit lines 10. The silicon dioxide 15 has been
masked with a contact pattern, not shown, and etched to
create openings 1n which polycrystalline silicon plugs 20 are
formed. A lower electrode 22, in the form of a layer of
clectrode material, such as carbon, overlies each plug 20.
There are shallow p+ regions 24 extending below the plugs
20 as a result of diffusion of p+ material into the substrate
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5. Each plug 20 and shallow p+ region 24 forms a diode or
memory cell 26 with the digit line 10.

There 1s a tungsten contact plug 30 disposed 1n an opening
in the silicon dioxide 15. The plug 30 1s formed by first
depositing a thin layer of titanium and titanium nitride 35
along the sidewalls of the opening and overlying the digit
lines 10. Tungsten 40 1s then deposited to fill the opening and
to overlie the titanium and titanium nitride 35. Following
deposition, the titanium and titanium nitride 35 and tungsten
40 are planarized to expose the silicon dioxide 15 and form
the contact plug 30.

FIG. 2 depicts the first of four masking steps used to form
the chalcogenide element in the existing process. As shown
in FIG. 2, a silicon nitride layer 45 of about 300 A is
deposited on the S10, layer 15. The nitride layer 45 1is
masked, and small pores 50 are formed therein, exposing
portions of the lower electrode 22. The pores are typically
about 1000 A wide.

The next masking step involves the formation of the
chalcogenide stack. As illustrated in FIG. 3, a layer of a
chalcogenide material 55 1s deposited on the nitride layer 435,
f1lling the pores 50. An upper electrode 60, in the form of a
second carbon layer, 1s deposited on the chalcogenide layer
55. A conducting layer 65 of TiN 1s next deposited on the
upper electrode 60. Together, the chalcogenide layer 55, the
upper electrode 60, and the TiN layer 65 form the chalco-
ogenide stack 70. As shown 1 FIG. 4, the chalcogenide stack
70 1s subsequently masked to define cell areas 75. A stack
ctch 1s performed to remove the portions of the chalcogenide
stack 70 lateral to the cell areas 75.

As noted above, accurate control of the stack etch may be
difficult to achieve in view of the physical and chemical
characteristics of the chalcogenide material. If any or all of
the layers of the stack 70 are undercut, undesirable voids
may form beneath any subsequently deposited passivation
layer. Further, unexpected variations in the lateral dimen-
sions of the stack 70 may result in excessive use of die area
and necessitate the relaxation of alignment tolerances for the
stack 70.

After the stack etch 1s performed, the positional stability
of the chalcogenide stack 70 1n the cell areas 75 prior to
deposition of additional layers of material 1s dependent upon
the ability of the chalcogenide layer 55 to adhere to the
silicon nitride layer 45 at the interface 77 between the two
layers 55 and 45, shown i FIG. 4. As noted above, many
chalcogenide materials exhibit poor adherence to silicon
nitride. This poor adherence may result 1in the chalcogenide
stack 70 1n the cell area 75 to lift off of the silicon nitride
layer 85, causing failure of the diode 26.

In the third masking step shown 1n FIG. 5, a passivation
layer 80 1s formed over the substrate 5 using conventional
thin film techniques. The passivation layer 80 1s masked and
ctched to form an opening exposing the TiN layer 65.

The last of the four masking steps 1s depicted 1n FIG. 6.
A conducting layer 85, which may be metal or polysilicon,
1s deposited, masked, and etched to remove unwanted metal
from either side of the cell areas 75. The metal layer 85 1s
deposited to contact the TiIN layer 65.

Embodiments of the Present Invention

The process flow for a first embodiment of the process of
the present mvention may be understood by reference to
FIGS. 7A-19. FIGS. 7A-19 depict the formation of two
chalcogenide elements 1n a typical diode memory array in a
CMOS process. However, it should be understood that
NMOS or other process technologies may also be utilized.

FIG. 7A shows a cross-sectional view of a p— substrate
105. The substrate 105 has been preliminarily processed as
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generally described above 1n relation to FIG. 1 to provide n—
regions 107 1n the active arca of the substrate 105, along
with a layer of titanium silicide 108, that together function
as a buried digit line 110. A relatively thick layer of silicon
dioxide 115 overlies the buried digit lines 110. The silicon
dioxide 115 has been masked with a contact pattern, not
shown, and etched to create openings in which conducting
clements 120, such as polycrystalline silicon plugs, are
formed. The polysilicon plugs 120 are typically doped with
p+ dopants, such as boron, gallium, and BF,. The p+ dopant
may be introduced via 1on implantation following plug
formation. The dosage may be about 1 to 5E15 atoms/cm?,
and is advantageously about 2.5E15 atoms/cm”, and the
energy may be about 50 to 150 KeV, and 1s advantageously
about 100 KeV. Alternatively, the p+ dopant may be intro-
duced by utilizing 1n situ doped polysilicon with a concen-
tration of about 5E19 to 5E20 atoms/cm”, and advanta-
geously about 2.5E20 atoms/cm®. In situ doped polysilicon
will typically yield a more uniform distribution of p+ dopant
in the plugs 120.

As discussed more fully below, TiSx layers 122 may be
laid on top of the plugs 120. There are shallow p+ reglons
124 extending below the plugs 120 as a result of diffusion of
p+ material into the substrate 105. Each plug 120 and
shallow p+ region 124 forms a diode 126 of an individual
memory cell with the digit line 110. Together, the diodes 126
form a diode array. The embodiments are described herein in
the context of a two diode or memory cell array. However,
the discussion 1s applicable to diode arrays of virtually any
S1Ze.

In an alternative embodiment shown in FIG. 7B, the plugs
120 may be processed to create a p+ region 128 at an upper
portion of the plug 120 and a n- region 129 at a lower
portion of the plug 120. The n- region 129 1s formed by
doping the plug with n— type dopants, such as phosphorus,
antimony, or arsenic at energies and dosages ranging from
35 to 150 KeV and 3E13 to 1E14 atoms/cm”. The p+ region
128 1s, at formed by doping the plug 120 with p+ dopants,
such as boron, gallium, galllum, and BF, energies and

dosages ranging from 35 to 50 KeV and 1E15 to 5E15
atoms/cm”. Subsequently, a rapid thermal process (RTP) and
a hydrogen cycle are performed.

Referring again to FIG. 7A, there 1s a tungsten contact
plug 130 disposed 1n an opening 1n the silicon dioxide layer
115. The plug 130 1s formed by first depositing a thin layer
of titanium and titanium nitride 135 along the sidewalls of
the opening and overlying the digit lines 110. Tungsten 140
1s then deposited to fill the opening and to overlie the
fitantum and titanium nitride 135. Following deposition, the
fitantum and titanium nitride 135 and tungsten 140 are
planarized to expose the silicon dioxide 115 and form the
contact plug 130.

After the polysilicon plugs 120 are formed, but prior to
subsequent processing steps, such as the formation of the
tungsten contact plug 130, care should be taken to protect
the upper surfaces of the plugs 120 from unwanted etchants
or the formation of unwanted diclectric layers. For example,
the last etch step used 1n the poly-spacer process described
below will aggressively etch the upper regions of the plugs
120 1n the absence of an intervening protective layer. In this
regard, there are several possible approaches. For example,
as shown 1n FIG. 7A, a layer of titantum may be deposited
to react with the polysilicon 1n the plugs 120 to form
fitantum silicide layers 122 that overlie the plugs 120. The
excess titantum may then be planarized to the silicon dioxide
layer 115 by CMP as shown. Note that the TiSx layers 122
may be formed via a self-aligned process as shown 1n FIG.
7A, or alternatively, via a conventional masking step (not
shown).
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Alternatively, at least two other processes may be used to
protect the plugs 120 that eliminate the TiSx layers 122. In
one alternative shown 1n FIG. 7C, the plugs 120 may be
recessed by removing 500 to 1000 A from the upper portion
of the plugs 120 by conventional anisotropic etching tech-
niques. A layer of TiN (not shown) is then deposited over the
silicon dioxide layer 115 by PCVD or similar processes to
fill the recesses. The layer of TiN layer (not shown) is then
planarized by CMP or etching, leaving a protective portion
of TiN 144 overlying the polysilicon of each plug 120. In
another alternative described below 1n conjunction with the
description of the poly-spacer process, a TEOS layer (shown
as layer 156 in FIGS. 9-13) may be deposited over the plugs
120, which, when etched, 1s selective to the polysilicon.

In either of the foregoing alternatives where TiSx forma-
tion 1s eliminated, the polysilicon plugs 120 should be
preliminarily protected from reacting with sputtered ftita-
nium during formation of the tungsten plug 130. As shown
m FIG. 7D, this may be accomphshed by applying a
100-300 A layer of S10, 142 using low pressure plasma
enhanced chemical vapor deposmon (LPECVD) or similar
techniques over the silicon dioxide layer 115 prior to the
formation of the contact hole for the tungsten plug 130 1n the
S10, layer 115. The S10, layer 142 acts as a hard mask to
prevent the titantum used to form the titanium and titantum
nitride layer 135 from reacting with the polysilicon plugs
120 to form TiSx. The layer of S10, may be later removed
by CMP or etching if necessary.

In the next phase of the process, small pores are formed
in an 1nsulating layer deposited on the substrate 105 using a
poly-spacer process. The insulating layer may be silicon
nitride or S10.,, but 1s advantageously silicon nitride, and 1s
deposited using conventional thin film techniques. FIG. 8
shows the cross-sectional view of FIG. 7A following depo-
sition of the nitride layer 145 and formation of the small
pores 150 therein. Titantum silicide layers 122 have been
deposited over the plugs 120.

The poly-spacer process used to form the pores 150
depicted 1n FIG. 8 may be understood by reference to FIGS.
9-14. FIG. 9 shows a cross-sectional view of an upper
portion of the substrate 105 1 the vicinity of the polysilicon
plugs 120. The layer 145 of silicon nitride 1s first deposited
over the S10, layer 115 and TiS1_layers 122. A layer 156 of
polysilicon 1s then deposited onto the nitride layer 145. The
layers 145 and 156 are deposited using conventional thin
f1lm deposition techniques. The nitride layer 145 may have
a substantially uniform thickness ranging from about 50 to
1000 A, and advantageously 1t will have a substantially
uniform thickness of approximately 500 A. The nitride layer
145 may be alternatively composed of a dielectric material
such as, for example, TEOS oxide 160 or PECVD oxade, but
1s advantageously composed of silicon nitride. The polysili-
con layer 156 may have a substantially uniform thickness
ranging from about 1000 to 5000 A, and advantageously 1t
will have a substantially uniform thickness of approximately
4000 A. The polysilicon layer 156 may be alternatively
composed of TEOS oxide or PECVD oxide, but 1s typically
composed of polysilicon.

FIG. 10 shows the formation of an opening 157 over one
of the polysilicon plugs 120. Similar openings will be
formed over each polysilicon plug used to form a diode in
the memory array. The layers 145 and 156 are etched using
conventional anisotropic etching and masking techniques
such that the opening 157 extends partially into the layer
145. The etching process may etch material partially from
the layer 145 thereby forming a recess 1n the layer 145. The
opening 157 may be formed, for example, as a rectangular
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channel or as a substantially circular opening in the layers
145 and 156. The opening 157 1s typically formed using a
conventional circular contact hole mask resulting in a sub-
stantially circular opening. The minimum lateral dimension
X, of the opening 157 may range from about 2500 to 8000
A, and advantageously 1t will be approximately 5000 A. The
opening 157 includes a generally horizontal bottom surface
158 and generally vertical side walls 159 at 1ts outer periph-
ery.

A second layer 160 of polysilicon 1s then deposited onto
the layer 156, onto the bottom surface 158 and side walls
159 of the opening 157, using conventional thin film depo-
sition techniques as shown in FIG. 11. The layer 160 may
have a substantially uniform thickness ranging from about
500 to 3500 A, and typically 1t will have a substantially
uniform thickness of approximately 2000 A. The layer 160
may be alternatively composed of TEOS oxide or PECVD
oxide, but 1s typically composed of polysilicon. In situations
where the plugs 120 are not capped with a T1S1_ layer, such
as shown 1n FIG. 8, the layer 160 will usually be TEOS
oxide. The layer 160 1s then etched using conventional
anisotropic etching techniques to form a spacer 161 out of
the layer 160 as shown in FIG. 12. The spacer 161 1is
positioned at the outer periphery of the opening 157 and
covers the generally vertical side walls 159. The bottom of
the spacer 161 has a lateral thickness substantially equal to
the selected thickness of the layer 160 provided the layer 160
conformally coats the layers 145 and 156.

The portion of the layer 145 not covered by the spacer 161
1s then etched using conventional anisotropic etching tech-
niques to form the pore 150 (first shown in FIG. 8) in the
layer 145 extending to the S10,, layer 115 as shown in FIG.
13. The resultmg pore 150 may have a minimum lateral
dimension rangmg from about 500 to 4000 A, and typically
it will have a minimum lateral dimension of approximately
1000 A. The minimum lateral dimension of the pore 150 1s
defined by the selected thickness of the layer 160 used in
forming the spacer 161. The spacer 161 and layer 156 are
then removed using conventional etching techniques as
shown 1n FIG. 14. The disposable spacer 161 thus provides
a means of defining the minimum lateral dimension of an
ultra-small pore 150 1n the layer 1435.

In the existing process for forming a chalcogenide
clement, the next process step would normally entail depo-
sition of the of the chalcogenide layer 55, the second carbon
layer 60, and the TiN layer 65 to form the chalcogenide stack
70 as shown 1n FIG. 3. The chalcogenide stack 70 would
then be masked and the stack etch performed to remove the
chalcogenide stack 70, except about the cell arcas 75 as
shown 1 FIG. 4. However, 1n the process disclosed herein,
a masking step 1s not used to form the chalcogenide element.
Instead, as depicted in FIG. 15, a layer of chalcogenide
material 155 1s deposited on the nitride layer 145, filling the
pores 150 and contacting the polysilicon plug 120. The layer
of chalcogenide material 1s then planarized to the nitride
layer 145. The planarization 1s advantageously accom-
plished by CMP, but may be alternatively performed by
standard etching techniques.

The deposition of the chalcogenmide layer 155 on the
nitride layer 145 1s accomplished without masking, prefer-
ably by sputter deposition. The temperature 1s preferably
about 230° C., but may be between about 25 to 375° C. The
pressure 1s preferably about 4 mTorr, but may be between 2
to 8 mTorr. The power for the sputter process 1s preferably
about 25 Watts, but may be between about 20 to 180 Watts.

Following deposition, the chalcogenide layer 135 1s pla-
narized to a thickness of about 500 to 1500 A by etching or
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CMP, to remove portions of the chalcogenide layer 155
overlying the nitride layer 145, while at the same time
retaining the chalcogenide material 1n the pore 150. The
CMP 1s selective to the nitride 145. Thus, the CMP action
stops when the nitride 145 1s exposed.

Typical formulations for the chalcogenide layer 155
include average concentrations of Te in the amorphous state
well below 70%, typically below about 60% and ranging 1n
general from as low as about 23% up to about 56% Te, and
most preferably to about 48% to 56% Te. Concentrations of
Ge are typically above about 15% and range from a low of
about 17% to about 44% average, remaining generally
below 50% Ge, with the remainder of the principal constitu-
ent elements 1n this class being Sb. The percentages given
are atomic percentages which total 100% of the atoms of the
constituent elements. In a particularly preferred
embodiment, the chalcogenide compositions for these
memory cells comprise a Te concentration of about 55%, a
Ge concentration of about 22%, and a Sb concentration of
about 22%. This class of materials are typically character-
1zed as Te,Ge,Sb,gq_ .4y, Where a 1s equal to or less than
about 70% and preferably between about 60% to about 40%,
b 1s above about 15% and less than 50%, preferably between
about 17% to about 44%, and the remainder 1s Sb.

As shown 1n FIG. 15, an electrode 163 may be interposed
between the chalcogenide material 155 and the polysilicon
plugs 120. The electrode 163 may be collimated carbon,
titanium-tungsten, or TiN that is deposited as a layer (not
shown) over the nitride layer 145, filling the pores 150. The
clectrode material 163 1s deposited via a sputter deposition
process utilizing the same parameters disclosed infra for the
chalcogenide layer 155 deposition, though with a preferred
power of 750 Watts for collimated carbon and about 3 kW
for titantum-tungsten or TiN. The electrode material 163 on
the nitride layer 145 is then removed, leaving a thin layer of
carbon 163 1n the pores 150. The removal step may be by
conventional etch for collimated carbon, titanium-tungsten,
or TiN, or by CMP for either titanium-tungsten or TiN. The
remaining thin layer 163 has a thickness of about 200 to
1000 A. Alt ernatively, the electrode material 163 may be
omitted and the pore 150 filled entirely with chalcogenide
material 155.

FIG. 16 1s the cross-sectional view of FIG. 15 after further
processing steps. As shown 1n FIG. 16, following the pla-
narization of the chalcogenide layer 155, a TiN layer 165
may be deposited over the chalcogenide layer 155 via CVD
or sputter techniques. The TiN layer 1s preferably about 200
to 1000 A thick. The array of diodes 126 1s then masked and
the TiN layer 165, and the silicon nitride layer 145 are etched
using common anisotropic techniques to expose the S10,
layer on either side of the tungsten plug 130.

In the final masking phase of the process of the present
invention shown 1n FIG. 17, a metal layer 180 1s deposited
over the substrate 105. The metal layer 180 may be sputtered
aluminum or aluminum-copper alloy, or tungsten applied by
CVD, and 1s preferably about 2000 to 5000 A thick. The
metal layer 180 1s then patterned to define cell areas 182 and
ctched to leave metal overlying the tungsten plug 130 and
the cell areas 182.

In an alternate embodiment of the process depicted 1n
FIGS. 18 and 19, a chalcogenide element may be disposed

on a polysilicon plug 120 below the upper surface of the
S10, layer 115. FIG. 18 depicts the cross-section of FIG. 7A

without TiS_ layers 122 and following further process steps.

The polysilicon plug 120 1s recessed approximately 1000 A
below the upper surface of the S10,. The recess 1s accom-

plished by etching the polysilicon plug 120. Following the
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ctching of the plug 120, a layer of TiN 1835 1s deposited on
the silicon dioxide layer 115, filling the recesses over the
polysilicon plugs 120. The layer of TiN (not shown) is then
planarized to the S10, layer 11§, preferably by CMP or
ctching. Following the planarization step, a portion of the
TiN layer (not shown) is removed by etching. Typically,
about 300 to 500 A of the TiN layer (not shown) is removed
during the etch. Alayer of TiN 1835 is left over each plug 120.

FIG. 19 1s the cross-sectional view of FIG. 18 following
additional process steps. After the TiN layers 185 are
formed, a silicon nitride layer 190 1s deposited over the
silicon dioxide layer 115, filling the recesses overlying the
TiN layers 185. The nmitride layer 190 1s then planarized to
the S10, layer, preferably by CMP or etching. After the etch,
the nitride layer 190 has a thickness of about 500 to 1000 A.
Following the planarization of the nitride layer 190, a pore
195 may be formed in the nitride layer 190 over each plug
120 using the poly-spacer process described above.
Alternatively, the pores 195 may be formed 1n the overlying
nitride layer (not shown) and thus in nitride layers 185
before the overlying nitride layer (not shown) 1s planarized.
Following formation of the pore 195, the chalcogenide
clement 200 may be deposited as described above.

Although particular detailed embodiments have been
described herein, it should be understood that the invention
1s not restricted to the details of the disclosed embodiments,
and many changes 1n design, configuration, and dimensions
may be possible without departing from the spirit and scope
of the mvention as defined by the appended claims.

I claim:

1. A method of forming a chalcogenide element 1n a

memory cell, comprising the steps of:

(a) forming a conducting element 1n a semiconductor
substrate;

(b) forming a first insulating layer on said semiconductor
substrate overlying said conducting element;

(¢) forming a pore in said first insulating layer extending
to said conducting element;

(d) forming a layer of chalcogenide material on said first
insulating layer, wherein a portion of said layer of
chalcogenide material 1s disposed 1n said pore and
contacts said conductive element;

(e) planarizing said layer of chalcogenide material to said
first insulating layer by chemical mechanical planariza-
tion; and

() forming a first conducting layer in contact with said
chalcogenide material.

2. The method of claim 1, further comprising the step of:

providing a layer of titanium silicide between said layer of
chalcogenide material and said conductive element.
3. The method of claim 1, further comprising the step of:

providing an electrode between said layer of chalcogenide
material and said conducting element.
4. The method of claim 3, further comprising the step of:
providing a second conducting layer between said elec-

trode layer and said conducting element.
5. The method of claim 1, further comprising the step of:

providing a third conducting layer between said first
insulating layer and said first conducting layer.
6. A method of forming a chalcogenide eclement 1n a

memory cell, comprising the steps of:

(a) providing a conducting element in a semiconductor
substrate;

(b) forming a first insulating layer on said semiconductor
substrate;
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(c) forming a pore 1n said first insulating layer extending
to said conducting element;

(d) forming a layer of chalcogenide material on said first
insulating layer, wherein a portion of said layer of
chalcogenide 1s disposed 1n said pore and contacts said
conducting element;

(¢) selectively removing said portion of said layer of
chalcogenide material that 1s disposed on said first
insulating layer by chemical mechanical planarization

(CMP);

(f) forming a first conducting layer in contact with said
chalcogenide material; and

(¢) forming a second conducting layer on said first

conducting layer.
7. The method of claim 6, further comprising the step of:

providing a layer of titantum silicide between said layer of

chalcogenide material and said conductive element.
8. The method of claim 6, further comprising the step of:

providing a layer of carbon between said layer of chal-
cogenide material and said conductive element.
9. The method of claim 8, further comprising the step of:

providing a layer of titantum silicide between said layer of
carbon and said conductive element.
10. The method of claim 6, further comprising the step of:

providing a second conducting layer between said first
insulating layer and said first conducting layer.
11. A method of forming a chalcogenide element in a

memory cell, comprising the steps of:

(a) providing a semiconductor substrate;

(b) providing a conducting element in said semiconductor
substrate;

(c) forming a recess in said conducting element;
(d) forming a first insulating layer in said recess;

(¢) forming a pore in said first insulating layer extending
to said conducting element;

(f) forming a layer of chalcogenide material in said pore;
and

(g) forming a first conducting layer in contact with said
chalcogenide material.
12. The method of claim 11, wherein said step of forming

a chalcogenide layer comprises:

forming a layer of chalcogenide material on said first
insulating layer, wherein a portion of said layer of
chalcogenide material 1s disposed 1n said pore and

contacts said conductive element; and

selectively removing said portion of said layer of chal-
cogenide material that 1s disposed superadjacent said

first 1nsulating layer.
13. The method of claim 12, wherein said step of selec-

fively removing said portion of said chalcogenide layer
COMPrises:

planarizing said layer of chalcogenide material to said
first insulating layer by chemical mechanical planariza-
tion.

14. The method of claim 11, further comprising the step

of:

providing a layer of titanium silicide between said layer of
chalcogenide material and said conductive element.
15. The method of claim 11, further comprising the step

of:

providing a layer of carbon between said layer of chal-
cogenide material and said conductive element.
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16. The method of claim 15, further comprising the step in said recess and contacts said conductive element;
of: and

providing a second conducting layer between said first selectively removing said portion of said msulating layer

insulating layer and said first conducting layer. that 1s disposed on said substrate.

17. The method of claim 11, further comprising the step . 19. The method of claim 18, wherein said step of selec-
of: providing a second conducting layer between said first tively removing said portion of said insulating layer com-
insulating layer and said first conducting layer. prises:

18. The method of claim 11, wherein said step of forming planarizing said layer of msulating material to said sub-

said first insulating layer 1 said recess comprises: 10 strate by chemical mechanical planarization.

forming a layer of insulating material on said substrate,
wherein a portion of said insulating material 1s disposed k% %k
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